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LABORATORY TESTING FOR 
FOUNDATION DESIGN
1. Compute and Plot Total, Effective, and Water 

Pressures on a PO Diagram
2. Apply Consolidation and Shear Strength Test 

Results

ACTIVITY:  Compute and Diagram 
Total & Effective Pressures
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Samples for Lab Tests

Disturbed Samples May Be Used for:
gVisual Classification/Description
gMoisture Content 
gSpecific Gravity
gAtterberg Limits
gGradation
gCompaction
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Samples For Lab Tests (Cont’d)

Undisturbed Samples Required For:
gUnit Weight
gConsolidation
gUnconfined Compression 
gTriaxial Compression
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Total, Effective and Water Stresses
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How is the Pressure 
in the Ground 
Affected by the 
Location of the Water 
Table?
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20′

γT = 110 pcf
10′

0′

Find P0 at 20 feet below ground in a sand deposit with a 
total unit weight of 110 pcf and the water table 10 feet 
below ground.  Plot PT and P0 verses depth from 0’ – 20’. 

Solution: P0 = PT - µ

PT @ 10’ = P0 @ 10’ = 10’ ×110 pcf = 1100 psf

PT @ 20’ = PT @ 10’ + (10’ ×110 pcf) = 2200 psf

µ @ 20’ = 10’ ×624 pcf = 624 psf

P0 @ 20’ = PT @ 20’ - µ @  20’ = 2200 – 624 = 1576 psf
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PT

P0

P0 = PT

1576

1100

2200

Pressure (psf)

300020001000

D
ep

th
 (f

t)

0

20

10

µ

Example 4.1 Solution 
(Cont’d)
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Student Exercise No. 1

Sand 
γt = 110 pcf

Clayey Silt 
γt = 125 pcf

Depth 
(Ft.)

50

30

0
20′

Existing Ground 

Rock 

Assume Buoyant Unit Weights below 
static water level (     ). 

Computations:

Compute and plot both the total and effective 
overburden stress diagrams for the soil profile 
below.
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Consolidation 
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BEFORE LOADING AFTER LOADING

PARTICLE  READJUSTMENT
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1-D Consolidometer

LOADING BEAM

DIAL SUPPORT
MICROMETER 
DIAL GUAGE

POROUS PLATE
SOIL SAMPLE
SAMPLE RING
POROUS PLATE
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Void Ratio vs. Log Pressure

Reconsolidation        Virgin Consolidation

Cc =  Compression Index
Cr =  Recompression Index
Pc =  Preconsolidation Pressure

Vo
id
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at
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v

Log Pressure,  P

Cr Pc 

Cc 

Cv =  Coefficient of Consolidation
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Effects of Sample Disturbance on 
Consolidation Test Results

gEliminates Break in e-log P Curve
gLowers Measured Values of Pc and Cc

gLowers Measured Value of Cv

g Increases Measured Value of Cr
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GRANULAR FILL
Y = 120 PCF

SANDY GRAVEL
Y = 122 PCF (Y1 = 60 PCF)

SOFT CLAY Y = 104 PCF (γ1 = 42 PCF), eO = 2.096

SAND
COMPUTE: 1. SETTLEMENT

2. TIME

6’

24’

23’

Settlement Problem 
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Compute Po and ∆P at the Center 
of the Clay Layer
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e-log P Curve

∆ P = 2900 
P0 + ∆ P = 4400

Vo
id

 R
at

io
,  

e
eo = 2.096

e1 = 1.582 

P0

∆e = 0.514

P0 = 1500

1.1Cc =

Log of Pressure
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12”
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0 0 % 
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100 % 

Time (months) 

%
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t (
in

.) 

U% T Settlement Days Months
10 0.008 1.2" 4 0.13
20 0.031 2.4" 16 0.53
30 0.071 3.6" 37 1.23

85 0.684 10.2" 352 11.7
90 0.848 10.8" 437 14.6
95 1.127 11.4" 580 19.3

Time From t = 515T

Time Settlement Curve
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Shear Strength
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Frictional Strength
W

N S

S

W
N

Tan Ø =       =  Friction 

S = Shear Force Required to Cause Slip

∴ S = N Tan Ø

Ø

Ø

S
N
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Friction + Cohesion

W

N
S

S
W

N

S = C + N Tan Ø

Ø

CGlue

C

For Soil:  Ø = Angle of Internal Friction
C = Cohesion

Ø

 Slide 4-33 

 

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________ 

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________  



NHI Course 132012 – Soils and Foundations Workshop 

Participant Workbook 
4-18 

Typical Methods of Shear 
Strength Testing
gLab Tests

- Unconfined Compression Test
- UU Triaxial Compression Test
- CU Triaxial Compression Test
- CD Triaxial Compression Test
- Direct Shear Test

gField Tests
- Vane Shear
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Unconfined Compression Test
Axial Stress 

Axial Stress 
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Unconfined (U)

Failure Plane of 
Least Resistance 

Confining 
Pressure is 0 

Failure Load 
Applied 
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Unconfined Compression Test

Unconfined Compression Test
Ø = 0

C = qu
2

C

Sh
ea

r S
tr

es
s,

 τ

Normal Stress, σ
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Unconfined Compression Test

gQuick, Economical Test to Approximate the 
the Shear Strength of Cohesive Soils at 
Shallow Depths

gPoor Reliability for Samples Extracted From 
Increasing Depths

gShould Only be Performed on Samples 
Extruded Directly from the Tube and Tested 
at Full Diameter
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Triaxial Compression 
Axial Stress 

Lateral 
Stress 

Soil 
Sample

3σ
3σ

1σ

1σ
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Triaxial Shear Test Results

Ø

S = C + σ
Tan Ø

C

Sh
ea

r S
tr

es
s,

 τ

Normal Stress, σ

σσ3 σ1   

τ
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Unconsolidated Undrained (UU)
Triaxial Compression Test
gQuick and Relatively Economical 
gReliability Depends on Sample Retaining In-

situ Characteristics
gTests Should Only be Performed on Samples 

Extruded Directly from the Tube and Tested 
at Full Diameter

gUseful for Embankment Stability Problems
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Consolidated Undrained (CU) 
Triaxial Compression Test
gQuick Test on Multiple Samples to Determine 

the Shear Strength for a Range of 
Consolidation Pressures

gEffective Stress Parameters can be 
Estimated if Pore Pressure Measurements 
are Taken

gResults Useful for Staged Construction 
Problems
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Consolidated Drained (CD) 
Triaxial Compression Test
gTime Consuming Test to Find Effective 

Stress Strength Properties for a Range of 
Consolidation Pressures

gMultiple Samples Required
gResults Useful for Cut Slope Stability 

Problems
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Direct Shear Test 

Soil Sample Shear 
Force

Shear 
Force

Normal Stress, σ

Shear Plane
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Ultimate Shear 
Stress

Horizontal Deformation
Normal Stress, σ

Peak Shear Stress

Sh
ea

r S
tr

es
s,

 τ

Sh
ea

r S
tr

es
s,

 τ

Ø

C

Direct Shear Test Typical Results
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Direct Shear Test

gNormally Performed on Granular Soils to 
Find Friction Angle

gParticle Sizes Limited by Shear Box Size
gResidual Friction Angle Can be Determined 

at Large Strain Values
gCohesive Soils Require Special Equipment
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Lab Testing Guidelines

gVisual Descriptions for All Soil Samples
gMoisture Content on all Fine-Grained 

Samples
gClassification Tests on Representative 

Samples
gShear Strength and Consolidation Tests in 

Cohesive Deposits to Determine Property 
Variation with Depth
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Lab Testing by Consultants

gPrepare Specific Testing Program to be 
Accomplished 

gPerform Check Testing on Random Samples
gUse AMRL Certified Labs
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Aspects

Site Exploration 

Basic Soil 
Properties

Laboratory 
Testing

Po Diagram 
Test Request 
Consolidation Results 
Strength Results

Slope Stability 

Embankment 
Settlement 

Spread Footing 
Design 

Pile Design

Construction 
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Apple Freeway
Pressure Diagram UDH BAF-4

T3

T8

T7

T6

T5

T4

T9

Pressure - psf

D
ep

th
 -

f t
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CONSOLIDATION TEST RESULTS SUMMARY  
 
Hole UDH BAF-4 

Depth Ft. Tube No. w % Po, psf eo Pc, psf Cr Cc cv 

11 T3 33 800 0.91 6500 0.033 0.35 0.6 

16 T4 35 1150 0.89 6000 0.031 0.32 0.4 

21 T5 31 1450 0.96 4800 0.040 0.36 0.8 

26 T6 36 1790 1.01 4200 0.035 0.34 0.6 

31 T7 38 2130 0.98 3400 0.037 0.34 0.8 

41 T9 37 2720 1.02 3800 0.032 0.35 0.4 
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SHEAR STRENGTH TEST RESULTS SUMMARY  
 
Hole UDH BAF-4 

Undrained Strength – psf 

Vane (V) Depth 
Ft. 

Tube 
No. 

w 
% 

Uu 
(U) 

Cu @ Po 
(C) Undisturbed Remolded

13  34   1150 550 

16 T4 34 1050 1150   

18  36   1100 600 

21 T5 35 950 1250   

23  38   1050 500 

26 T6 39 975 1200   

28  37   1125 550 

31 T7 40 1000 1250   

37  35   1250 600 

41 T9 38 800 1300   
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Laboratory Testing  
 
 P  0 Diagram 
 
  Increase of pressure in the soil with

depth. 
 
 Test Request 
 
  Test pressures represent range of

increase due to the embankment. 
 
 Consolidation Results 
 
  Compressibility, precompression and

drainage rate of clay deposit. 
 
 Strength Results 
 

Cohesion and increase of shear
strength with confining pressure
found. 
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Laboratory Testing for 
Foundation Design

1. Compute and Plot Total, 
Effective, and Water 
Pressure on a Po Diagram 

2. Apply Consolidation and 
Shear Strength Results 

Activity: Compute and 
Diagram Total and 
Effective Pressures
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Student Exercise No. 1

Sand 
γt = 110 pcf

Clayey Silt 
γt = 125 pcf

Depth 
(Ft.)

50

30

0
20′

Existing Ground 

Rock 

Assume Buoyant Unit Weights below 
static water level (     ). 

Computations:

Compute and plot both the total and effective 
overburden stress diagrams for the soil profile 
below.
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